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Description

BACKGROUND OF THE INVENTION
(Field of the Invention)

[0001] The present invention relates to a motor-
driven compressor which is driven by a driving device
connected to a low-voltage power source and through
which a relatively large electric current flows.

(Description of the Related Art)

[0002] Conventional electric cars or hybrid cars are
generally provided with a plurality of 12-volt batteries,
and a motor-driven compressor for an air conditioner
mounted therein is supplied with, for example, 200 to
300 volts of electricity.

[0003] Fig. 1 depicts a motor-driven compressor 2
for an air conditioner mounted in a conventional electric
car. The compressor 2 has a shell that is made up of a
generally cylindrical shell 4, a lower shell 6 joined to one
end of the generally cylindrical shell 4, and an upper
shell 8 joined to the other end of the generally cylindrical
shell 4. The shell accommodates an electric motor 10
and a compression mechanism 12 driven by the electric
motor 10. The electric motor 10 includes a stator 10a
secured to the generally cylindrical shell 4 and a rotor
10b secured to a crank shaft 14 constituting the com-
pression mechanism 12.

[0004] An electric power from a power source (not
shown) is supplied to the motor-driven compressor 2 via
a driving device (not shown), a wiring system (not
shown), and the like. In applications where the voltage
of the power source ranges from 200 to 300 volts, an
electric current of only 6 to 7 amperes flows through
electric wires, pins of a terminal 16 secured to the upper
shell 8 of the motor-driven compressor 2, and lead wires
18 connected to the pins. Accordingly, the diameter of
the electric wires is relatively small and, for example, 2-
mm? electric wires are generally used.

[0005] In some motor-driven compressors, an elec-
tric current larger than that in the compressors referred
to above flows. If an electric current of, for example, 15
to 20 amperes flows in the compressors, wiring must be
conducted using about 3-mm? electric wires. In that
case, a terminal larger than the terminal 16 shown in
Fig. 1 is mounted to the upper shell 8.

[0006] Recently, a study of electric cars or hybrid
cars for practical use is being made at a high pace, and
from the viewpoint of safety, there is a tendency to use
a 36-volt power source, for example, by connecting
three 12-volt batteries in series.

[0007] However, if a motor-driven compressor is
supplied with 36 bolts of electricity, a large electric cur-
rent of about 60 to 80 amperes flows through the termi-
nal and the lead wires of the motor-driven compressor
via the wiring system. Accordingly, it is necessary for
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the electric wires to have an increased diameter to allow
the electric current of 60 to 80 amperes to flow there-
through. The increase in diameter hardens the electric
wires and reduces the degree of freedom of wiring, thus
making the wiring very difficult.

[0008] Returning to Fig. 1, the lead wires 18 of sta-
tor windings have respective tab receptacles 19 con-
nected thereto, while the terminal 16 secured to the
upper shell 8 has pins and tabs welded to respective
pins. In assembling the motor-driven compressor 2, the
tab receptacles 19 of the lead wires 18 are connected to
the tabs of the terminal 16. However, because the inter-
nal space of the upper shell 8 is extremely limited, if the
diameter of the lead wires 18 is large, it is very difficult
to connect the tab receptacles 19 to the tabs of the ter-
minal 16. Furthermore, if the diameter of the lead wires
18 is large, the heat radiating properties at the connect-
ing portions decrease.

[0009] In addition, where a motor-driven compres-
sor is installed in an automotive vehicle, it is necessary
to take the resistance to vibration, the resistance to
impact, and the like into due consideration. In particular,
a hermetic terminal for connection with an external
power source requires good hermetic properties or
resistance to thermal shock, and also requires a reduc-
tion in contact resistance in order to maintain the cur-
rent-carrying ability in view of the use of a low-voltage
and large-current power source.

[0010] Conventionally, as shown in Figs. 2A and 2B,
the terminal 16 secured to the upper shell 8 is con-
nected to the external power source by press-fitting tab
receptacles 22 connected to external electric wires to
external tabs 20 secured to the terminal 16. However, a
mere press-fitting increases the contact resistance, and
if the diameter of the electric wires is large, there arises
a problem in that the mutually connected elements are
easily disconnected from each other by vibration.
[0011] Also, because the wiring of the large-diame-
ter lead wires is difficult, there is a danger of the lead
wires being brought into contact with the shell in the
vicinity of the terminal, giving rise to a leakage of elec-
tricity.

SUMMARY OF THE INVENTION

[0012] The present invention has been developed
to overcome the above-described disadvantages.
[0013] It is accordingly an objective of the present
invention to provide a highly reliable motor-driven com-
pressor driven with electricity of a low voltage and a
large electric current.

[0014] Another objective of the present invention is
to provide the motor-driven compressor of the above-
described type that is capable of enhancing the worka-
bility during wiring.

[0015] In accomplishing the above and other objec-
tives, the motor-driven compressor according to the
present invention is driven by a driving device via a sin-
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gle-circuit external wiring system and includes a closed
vessel, a compression mechanism accommodated in
the closed vessel, and an electric motor accommodated
in the closed vessel for driving the compression mecha-
nism, wherein the electric motor including three-phase
stator windings each having two parallel circuits.

[0016] This construction can cope with the supply
of a large electric current without increasing the diame-
ter of electric wires within a limited space inside the
closed vessel. Accordingly, the workability is not low-
ered.

[0017] The motor-driven compressor further
includes a terminal secured to the closed vessel and
having a plurality of pins. Each of the plurality of pins
has two tabs secured thereto for connection with the two
parallel circuits of the stator winding of each phase. This
arrangement ensures sufficient heat radiating proper-
ties without increasing the contact resistance.

[0018] Conveniently, all the tabs extend radially or
parallel to one another in the same direction, thereby
maintaining a predetermined distance between the two
tabs for each phase and preventing interference
between the neighboring phases. Furthermore, the
workability during wiring is enhanced.

[0019] The motor-driven compressor also includes
plural pairs of tab receptacles, each pair of which is con-
nected to the two tabs of each of the plurality of pins,
wherein each pair is constituted by two tab receptacles
from which respective lead wires extend in opposite
directions and which are paired such that the lead wires
extend in the same direction. By this construction, each
pair of tab receptacles can be readily fitted to the corre-
sponding tabs, making it possible to enhance the work-
ability during wiring.

[0020] Preferably, each of the plurality of pins has
an externally threaded portion, to which a nut is tight-
ened for connection with the external wiring system.
This arrangement prevents the mutually connected ele-
ments from being disconnected, for example, by vibra-
tion and provides a highly reliable motor-driven
compressor.

[0021] In another form of the present invention, a
motor-driven compressor includes a closed vessel hav-
ing a terminal secured thereto for connection with an
external wiring system, a compression mechanism
accommodated in the closed vessel, an electric motor
accommodated in the closed vessel for driving the com-
pression mechanism, a plurality of lead wires for con-
necting a plurality of stator windings of the electric motor
to the terminal, each of the plurality of lead wires being
divided into two lead wires, and a plurality of intermedi-
ate connecting portions each for connecting the two
lead wires.

[0022] This construction ensures a sufficient work-
ing space and, hence, enhances the workability during
wiring even if the diameter of electric wires is relatively
large.

[0023] Each of the plurality of intermediate connect-
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ing portions includes an insulation cover slidably
mounted on one of the two lead wires. With this
arrangement, after the two lead wires have been con-
nected to each other, a connecting portion therebe-
tween is covered with the insulation cover by sliding the
insulation cover along the one of the two lead wires. As
a result, the connecting portion is insulated from periph-
eral elements, thus enhancing the reliability of the
motor-driven compressor.

[0024] Advantageously, the insulation cover has a
saw teeth-shaped stopper formed therewith on one side
thereof The saw-teeth-shaped stopper acts to prevent
the insulation cover from being dislocated from the con-
necting portion, thereby preventing a leakage of elec-
tricity.

[0025] It is preferred that the two lead wires be
welded together. Welding ensures the connection
between the two lead wires and reduces the contact
resistance.

[0026] Advantageously, the motor-driven compres-
sor further includes a wire holder held in engagement
with the terminal for holding the plurality of lead wires.
The wire holder prevents the lead wires from being
brought into contact with the closed vessel, enhancing
the reliability of the compressor.

[0027] Conveniently, the terminal is secured to a
generally cylindrical side wall of the closed vessel. This
arrangement prevents the lead wires from being
brought into contact with an end wall of the closed ves-
sel and shortens the length of the lead wires, thereby
improving the workability during wiring.

[0028] It is preferred that the plurality of lead wires
be welded to the terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other objectives and features
of the present invention will become more apparent
from the following description of preferred embodiments
thereof with reference to the accompanying drawings,
throughout which like parts are designated by like refer-
ence numerals, and wherein:

Fig. 1 is a perspective view, partly in section, of a
conventional motor-driven compressor,

Fig. 2A is an elevational view of a terminal secured
to the compressor of Fig. 1;

Fig. 2B is a top plan view of the terminal of Fig. 2A;
Fig. 3 is a schematic wiring diagram of an air condi-
tioner to which a motor-driven compressor accord-
ing to a first embodiment of the present invention is
applied;

Fig. 4A is an elevational view of a terminal secured
to the compressor shown in Fig. 3;

Fig. 4B is a top plan view of the terminal of Fig. 4A;
Fig. 5 is a view similar to Fig. 4B, but depicting a
modification thereof;

Fig. 6 is a perspective view of a pair of tab recepta-
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cles having respective lead wires, which are con-
nected to one of a plurality of pins of the terminal;

Fig. 7 is a perspective view, partly in section, of a
motor-driven compressor according to a second
embodiment of the present invention;

Fig. 8 is a perspective view of a terminal and lead
wires connected thereto, which are fitted to the
compressor of Fig. 7;

Fig. 9 is a perspective view of a stator mounted in
the compressor of Fig. 7;

Fig. 10A is a perspective view of an intermediate
connecting portion between the two lead wires
shown in Figs. 8 and 9 before the two lead wires are
connected to each other;

Fig. 10B is a perspective view of the intermediate
connecting portion of Fig. 10A after the two lead
wires have been connected to each other;

Fig. 11A is a perspective view of the intermediate
connecting portion of Fig. 10A before it is covered
with an insulation cover;

Fig. 11B is a perspective view of the intermediate
connecting portion of Fig. 10A after it has been cov-
ered with the insulation cover;

Fig. 12A is a perspective view of the insulation
cover before it is rolled up;

Fig. 12B is a perspective view of the insulation
cover after it has been rolled up;

Fig. 13A is a view similar to Fig. 10A, but depicting
a modification thereof;

Fig. 13B is a view similar to Fig. 10B, but depicting
a modification thereof; and

Fig. 14 is a view similar to Fig. 7, but depicting a
modification thereof

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] This application is based on applications
Nos. 11-103823 and 11-105193 filed April 12 and 13,
1999, respectively, in Japan, the content of which is
incorporated hereinto by reference.

[0031] Referring now to the drawings, there is sche-
matically shown in Fig. 3 an air conditioner for use in an
electric car. The air conditioner shown therein includes
a motor-driven compressor 30 according to a first
embodiment of the present invention and a driving
device 32 for driving the motor-driven compressor 30.
The driving device 32 includes an inverter connected to
a DC or AC power source (DC power source is depicted
in Fig. 3) for controlling the electric power supplied to
the motor-driven compressor 30 via a wiring system 36.
[0032] In this embodiment, from the viewpoint of
safety with respect to the human body, the voltage of the
power source is lower than 60 volts and is set to, for
example, 36 volts. In the case where the motor-driven
compressor 30 is driven at a low voltage, a relatively
large electric current flows through the motor-driven
compressor 30. Accordingly, an electric motor 38
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mounted therein for driving a compression mechanism
(not shown) has three-phase stator windings, each
divided into two parallel circuits. Furthermore, two lead
wires of the stator winding of each phase are connected
to one of a plurality of tabs of a terminal 40 secured to a
shell that constitutes a closed vessel, while the terminal
40 and the driving device 32 are electrically connected
with each other via the single-circuit wiring system 36.

[0033] As shown in Figs. 4A and 4B, the terminal 40
has three pins 42 secured thereto. Each pin 42 has two
parallel tabs 44 welded thereto on the motor side
thereof and is externally threaded on the external-wiring
side thereof All the tabs 44 are welded to the corre-
sponding pins 42 so as to extend radially, thereby main-
taining a predetermined distance between the two tabs
44 for each phase and preventing interference between
the neighboring phases.

[0034] Alternatively, as shown in Fig. 5, all the tabs
44 may be welded to the corresponding pins 42 so as to
extend parallel to one another in the same direction,
thereby improving the workability during wiring.

[0035] Fig. 6 depicts the two lead wires 46 of the
stator winding of each phase. The two lead wires 46
have respective side type tab receptacles 48 fixedly
mounted thereon for connection with the tabs 44
secured to each pin.

[0036] As shown in Fig. 6, the two side type tab
receptacles 48 are fixedly mounted on bare ends of the
lead wires 46 in a reverse fashion so that the former
may be easily fitted on the two tabs 44 disposed on
respective sides of each pin 42. In other words, this pair
is constituted by two side type tab receptacles 48 from
which respective lead wires 46 extend in opposite direc-
tions and which are paired such that the lead wires 46
extend in the same direction. By so doing, the wiring
work is considerably facilitated.

[0037] On the other hand, as shown in Fig. 4A,
each electric wire in the wiring system 36 has an eyelet
terminal 50 fixedly mounted on a bare end thereof The
eyelet terminal 50 is fitted on one of the pins 42 by
loosely inserting the pin into an opening 50a of the eye-
let 50 and subsequently by tightening a nut 52 to the
threaded portion of the pin 42.

[0038] Fig. 7 depicts a motor-driven compressor
120 according to a second embodiment of the present
invention, which is suitably employed in an electric car.
The compressor 120 has a closed vessel made up of a
generally cylindrical shell 124, a lower shell 126 joined
to one end of the generally cylindrical shell 124, and an
upper shell 128 joined to the other end of the generally
cylindrical shell 124. The closed vessel accommodates
an electric motor 130 and a compression mechanism
132 driven by the electric motor 130. The electric motor
130 includes a stator 130a secured to the generally
cylindrical shell 124 and a rotor 130b secured to a crank
shaft 134 constituting the compression mechanism 132.
[0039] An electric power from a power source (not
shown) is supplied to a terminal 136 secured to the
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upper shell 128 via a driving source (not shown), a wir-
ing system (not shown), and the like. The electric power
is then supplied to stator windings via lead wires con-
nected to the terminal 136.

[0040] As shown in Figs. 8 and 9, each lead wire for
connecting one of the stator windings to the terminal
136 is divided into two lead wires 138, 140, one of which
is connected to a pin 144 of the terminal 136 and the
other of which is connected to one of the stator wind-
ings. When the motor-driven compressor 120 is assem-
bled, the two lead wires 138, 140 are connected to each
other at an intermediate connecting portion 141.

[0041] More specifically, as shown in Fig. 8, each
lead wire 138 has a pin receptacle 142 fixedly mounted
thereon at a bare end thereof, which is fitted on one of
the pins 144 of the terminal 136 and welded thereto via
an opening 142a defined in the pin receptacle 142.
Each lead wire 138 also has a plug or collet type male
terminal 146 fixedly mounted thereon at the other end
thereof An insulation cover 148 is slidably mounted on
the lead wire 138 in the vicinity of the collet type male
terminal 146.

[0042] All the lead wires 138 are loosely inserted
into and held by a generally rectangular opening 150a
formed at an intermediate portion of a thermosetting
wire holder 150, a bent end 150b of which is held in
engagement with the terminal 136.

[0043] On the other hand, as shown in Fig. 9, the
lead wire 140 of each stator winding 152 has a plug
receptacle or collet type female terminal 154 fixedly
mounted thereon at a bare end thereof

[0044] In assembling the motor-driven compressor
120, the generally cylindrical shell 124 is shrink-fitted to
the stator 130a of the electric motor 130 so that the sta-
tor 130a may be held in abutment with the inner surface
of the generally cylindrical shell 124 at a predetermined
position thereof, while the rotor 130b is shrink-fitted to
the crank shaft 134 of the compression mechanism 132.
Thereafter, the compression mechanism 132 is welded
to the generally cylindrical shell 124 accommodating the
stator 130a, and the lower shell 126 is then welded to
the generally cylindrical shell 124.

[0045] Furthermore, as shown in Fig. 10A, the male
terminal 146 of each lead wire 138 connected to the ter-
minal 136 on the upper shell 128 is aligned with and
opposed to associated one of the female terminals 154
of the lead wires 140. The male terminal 146 is then for-
cibly inserted into the female terminal 154 by moving
the lead wire 138 in the direction of an arrow. Thereaf-
ter, as shown in Fig. 10B, the male and female terminals
146, 154 are joined together by spot-welding via an
opening 154a defined in the female terminal 154.
[0046] Finally, the insulation cover 148 is moved
along the lead wire 138 in the direction of an arrow in
Fig. 11A so that both the male and female terminals
146, 154 may be completely covered with the insulation
cover 148, as shown in Fig. 11B. In this way, the con-
necting work at the intermediate connecting portion 141
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is completed.

[0047] Figs. 12A and 12B depict the insulation
cover 148. As shown in Fig. 12A, a serrated or saw
teeth-shaped stopper 148b is first formed with a gener-
ally rectangular insulation film 148a on one side thereof
and is then folded slightly inwardly. When this insulation
film 148a is attached to the lead wire 138, the former is
rolled up into a cylindrical shape around the latter, as
shown in Fig. 12B. Accordingly, although the insulation
cover 148 is allowed to move along the lead wire 138 in
the direction of the arrow in Fig. 11A, the saw teeth-
shaped stopper 148b prevents the insulation cover 148
from moving in the direction opposite to the arrow.
Accordingly, once the connecting work at the intermedi-
ate connecting portion 141 has been completed, as
shown in Fig. 11B, even if the insulation cover 148
receives a force acting in the direction opposite to the
arrow, distal ends of the saw teeth-shaped stopper 148b
bite into the lead wire 138 to prevent the movement of
the insulation cover 148.

[0048] After the connecting work at the intermedi-
ate connecting portion 141 has been completed, the
upper shell 128 is welded to the generally cylindrical
shell 124. Under such condition, all the lead wires 138
are held by the wire holder 150 in engagement with the
terminal 136. Because the wire holder 150 prevents the
lead wires 138 from being brought into contact with a
generally flat end wall 128a of the upper shell 128, thus
preventing a leakage of electricity.

[0049] Figs. 13A and 13B depict a modified form
141A of the intermediate connecting portion 141. As
shown therein, a core wire 156 is bared by removing an
external insulation from the end of the lead wire 138,
while a butt terminal or cylindrical receptacle 158 is fix-
edly mounted on a bare end of the lead wire 140, for
example, by caulking.

[0050] When the lead wires 138, 140 are connected
to each other, the core wire 156 of the lead wire 138 is
inserted into the cylindrical receptacle 158 mounted on
the lead wire 140 by moving the lead wire 138 in the
direction of an arrow in Fig. 13A. A portion of the cylin-
drical receptacle 158 is then welded to the core wire
156. In Fig. 13B, reference numeral 158a denotes the
welded portion.

[0051] After the welding, the cylindrical receptacle
158 is covered with an insulation cover 148 shown in
Figs. 11A and 11B.

[0052] Fig. 14 depicts a modification 120A of the
motor-driven compressor 120. This compressor 120A
differs from the compressor 120 shown in Fig. 7 in that
the terminal 136 is secured to a generally cylindrical
side wall 128b of the upper shell 128.

[0053] The arrangement in which the terminal 136
is located on the generally cylindrical side wall 128b of
the upper shell 128 reduces the distance between the
terminal 136 and the lead wires 140 of the stator wind-
ings 152, making it possible to shorten the lead wires
138. As a result, the workability is enhanced, and with-
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out any wire holder, the lead wires 138 are no longer
brought into contact with the generally flat end wall 128a
of the upper shell 128.

[0054] Although the present invention has been
fully described by way of examples with reference to the
accompanying drawings, it is to be noted here that vari-
ous changes and modifications will be apparent to those
skilled in the art. Therefore, unless such changes and
modifications otherwise depart from the spirit and scope
of the present invention, they should be construed as
being included therein.

Claims

1. A motor-driven compressor driven by a driving
device via a single-circuit external wiring system,
said motor-driven compressor comprising:

a closed vessel;

a compression mechanism accommodated in
the closed vessel; and

an electric motor accommodated in the closed
vessel for driving the compression mechanism,
said electric motor comprising Three-phase
stator windings each having two parallel cir-
cuits.

2. The motor-driven compressor according to claim 1,
further comprising a terminal secured to the closed
vessel and having a plurality of pins, each of the
plurality of pins having two tabs secured thereto for
connection with the two parallel circuits of the stator
winding of each phase.

3. The motor-driven compressor according to claim 2,
wherein all the tabs extend radially.

4. The motor-driven compressor according to claim 2,
wherein all the tabs extend parallel to one another.

5. The motor-driven compressor according to claim 2,
further comprising plural pairs of tab receptacles,
each pair of which is connected to the two tabs of
each of the plurality of pins, wherein each pair is
constituted by two tab receptacles from which
respective lead wires extend in opposite directions
and which are paired such that the lead wires
extend in the same direction.

6. The motor-driven compressor according to claim 1,
further comprising a terminal secured to the closed
vessel and having a plurality of pins, each of the
plurality of pins having an externally threaded por-
tion, to which a nut is tightened for connection with
the external wiring system.

7. A motor-driven compressor connected to an exter-
nal power source via an external wiring system,
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10.

1.

12.

13.

said motor-driven compressor comprising:

a closed vessel having a terminal secured
thereto for connection with the external wiring
system;

a compression mechanism accommodated in
the closed vessel;

an electric motor accommodated in the closed
vessel for driving the compression mechanism,
said electric motor comprising a plurality of sta-
tor windings;

a plurality of lead wires for connecting the ter-
minal and the plurality of stator windings to
each other, each of the plurality of lead wires
being divided into two lead wires; and

a plurality of intermediate connecting portions
each for connecting the two lead wires.

The motor-driven compressor according to claim 7,
wherein each of the plurality of intermediate con-
necting portions comprises an insulation cover slid-
ably mounted on one of the two lead wires and
wherein after the two lead wires have been con-
nected to each other, a connecting portion therebe-
tween is covered with the insulation cover by sliding
the insulation cover along the one of the two lead
wires.

The motor-driven compressor according to claim 8,
wherein the insulation cover has a saw teeth-
shaped stopper formed therewith on one side
thereof.

The motor-driven compressor according to claim 7,
wherein the two lead wires are welded together.

The motor-driven compressor according to claim 7,
further comprising a wire holder held in engage-
ment with the terminal for holding the plurality of
lead wires.

The motor-driven compressor according to claim 7,
wherein the closed vessel has a generally cylindri-
cal side wall, to which the terminal is secured.

The motor-driven compressor according to claim 7,
wherein the plurality of lead wires are welded to the
terminal.
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